TheHLA-class| Restricted CTL Responsein HIV-1
| nfection: |dentification of Optimal Epitopes

Christian Brander and Bruce D. Walker

Massachusetts General Hospital, AIDS Research Center, 149 13th Street, Room 5234,
Charlestown, MA 02129, USA, and Harvard Medical School Boston, MA USA

|. Introduction

HIV-1 infection is associated with a vigorous HLA class | restricted cytotoxic T lymphocyte
(CTL)responsefreviewedin 1]. Byanalogy to anumber ofanimalmodels ofviral infection, theseCTL
arelikelyto playan importantrole asahostdefense ininfectedpersonsandare likelyto beanimportant
component of an effective AIDS vaccine. A large number of laboratories have now contributed to the
identification of peptides containing HIV-1CTL epitopes. Interms of class I-restricted CTL epitopes,
studies have shown that these peptides are typically 8-11 amino acids in length and conform to certain
motifsfor different class | molecules[2]. A comprehensivelist of peptides reported to contain putative
CTL epitopes has been included in the data base. Many of these have not been further defined asto the
optimal peptides required for recognition, or the restricting class | molecule. In addition, a number of
peptides have been reported which do not appear to contain regions corresponding to binding motifs
for the restricting class | molecules. Therefore some of these peptides require further investigation to
confirmtheir immunogenicity and their HLArestriction. Weattempt hereto identify those HIV derived
epitopes for which the optimal peptide has been precisely identified and for which the restricting
molecule iswell defined.

I1. Characteristics of viral CTL epitopes

MHC class | restricted CTL recognize processed viral peptides that are presented in an antigen
binding site on the class | molecule formed between two apha helices, with the floor of the groove
formed by a beta sheet [2,3]. A number of methods have been used to determine the identity of the
presented peptides. The most precise definition has come from elution of such peptides from class |
molecules, revealing consistent motifs shared by peptides presented by the same class | molecule. The
bindingmotifsarecharacteri zedbyanchorresi dueswhichserveascontactsitesbetweenthepeptideand
specific pockets in the class | binding groove [4]. The amino and carboxy termini of epitopic peptides
fitinto the A and F pockets of this groove, respectively, due to hydrogen bonding. The amino terminal
anchors of the peptides are variable in position and number, whereas the carboxy anchor is always
at the C-terminus, with the side chain pointing directly into the bottom of the F pocket. Although
there is considerable heterogeneity among amino terminal anchor residues, the F pocket appears to
place more restrictions on the amino acids it will accommodate, such that either leucine, isoleucine,
arginine, tyrosine, valine or phenylalanine is at the C-terminus of over 95% of known epitopes [5].
Motif predictions for antigenic peptides have now been generated for alarge number of HLA class |
molecules, although the majority of class | epitope motifs are yet to be defined.

I11.HIV-1CTL epitopes

HIV-derived, HLA class | restricted CTL epitopes have been defined by a number of different
strategies, not onlyin terms oftheeffector cellsand thetargetcells used, but alsoin termsofthe method
of antigen presentation. Effector cells have consisted of freshly isolated bulk PBMC, CD8-positive
cell lines stimulated in vitro with either whole virus, recombinant antigen, or peptide containing aCTL
epitope, and CTL clones obtained by limiting dilution [reviewed in 1]. Each of these methods has
led to reliable definition of certain epitopes. In terms of antigen presentation, the majority of CTL
epitopes have been defined using a two part strategy consisting of recombinant protein expression,
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usually with vaccinia expression systems, followed by the use of short synthetic HIV-1 peptides to
sensitize autologous B cell lines for lysis. Optimal epitopes have usually been defined as that peptide
which resultsin maximal lysis at the lowest peptide concentration.

With the description of HLA allele specific binding motifs, a new method to identify peptides
binding to a certain class | molecule became possible. Based on the anchor residues described for
various HLA aleles, viral protein sequences can be screened for the presence of such anchor residues
[4,6]. These peptides are then synthesized and tested either in cellular or cell free assays for their
capacity to bind to the selected class | molecule, and the ability of peptides thus defined to serve as
atarget for CTL in natural infection is then determined, typicaly by in vitro stimulation of PBMC
with the peptide in question. This*“ predictive” approach can also facilitate the identification of optimal
peptides when larger peptides containing CTL epitopes have been defined, by identifying regions in
the larger peptide which conform to the proposed motif. A more precise method to define optimal
CTL epitopes is represented by peptide elution studies, athough only few such studies have been
performed in the HIV-1system [7]. Infected cells are expanded to large numbers and their HLA class|
molecules areisolated. Peptideswithin the class | binding groove can then be released from the class |
molecule with trifluoroacetic acid and analyzed by HPLC. The relevant peaks in the HPL C profile can
besequencedandrepresentepitopesproducedwithintheinfectedcell[8,9].  Becauseepitopesidentified
in this manner have been identical to optimal peptides identified by performing peptide titrations with
truncated synthetic peptides, the latter system appears to be areasonable alternative[7].

Since the first description of HIV specific CTL 8 years ago, an increasing number of CTL
epitopes have been identified by using one of the above described methods. However, the reliability
of the described optimal peptides depends strongly on the method(s) used. The complete list of HIV
derived peptides containing CTL epitopes is included in the data base. Because the samerigid criteria
have not been applied for all of the peptides containing HIV-1 CTL epitopes published to date, we
have compiled here a list of those peptides for which there are reasonably good data regarding the
HLA restriction and optimal peptide (Table 1). From almost 200 HIV peptide sequences reported to
contain class| restricted CTL epitopes, only peptides were selected whichl) havebeen truncated to the
minimal peptide required for sensitization, 2) where the optimal epitope has been identified based on
motif prediction, dilution curves or peptide elution and 3) where clear definition of the HLA restriction
element has been shown. The listed peptides do not necessarily fulfill the binding motifs givenin Table
1 reflectingthelimited  efficiencyofthebindingmotifbasedpredictiveapproach.  Thepeptidesreported
to contain CTL epitopes but which are not included in Table 1 lack in most cases data on the minimal
epitope. Furthermore, there areabout 20additional peptides forwhichthe HLA restrictionhas not been
clearly defined thus far.

Tablel Best Defined HIV CTL Epitopes

HLA Protein  AA Isolate Sequence Reference Ref No*
HLA-A2 2 C Falk 91 9
L \Y
| L
p17 772 LAI SLYNTVATL Johnson 91, Parker 92,94  23,24,25
RT 346-2 LAI VI YQYMDDL T.Harrer U
RT 4762 LAI | LKEPVHGV Walker 89, Tsomides 91 26,27
gp4l 814-2 LAI SLLNATDI AV Dupuis 95 28
nef 190-2 LAI AFHHVAREL Hadida 95 14
V-2
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Tablel (cont.) Best Defined HIV CTL Epitopes

HLA Protein  AA Isolate Sequence Reference Ref No*
HLA-A3.1 23 C DiBrino93 29
I F K
L Y
pl7 18-2 LAI KI RLRPGGK  T.Harrer S
pl7 20-2 LAI RLRPGGKKK  B. Culmann PC
gpl20 372 LAI TVYYGVPWK  Johnson 94 b 30
gp4l 7752 LAl RLRDLLLI VTR  Takahashi 91 31
nef 73-2 LAI QVPLRPMIYK  Koenig 90, Culmann 91 32,33
HLA-A11 2 C  Zhang 93 34
I K
L
pl7 84-2 LAI TLYCVHRRI T.Harrer U
RT 325-2 LAl Al FQSSMIK  Johnson 94 a, Zhang 93 13,34
RT 508-2 LAl | YQEPFKNLK  B. Culmann PC
nef 73-2 LAI PLRPMIYK  Culmann 91 33
nef 84-2 LAI AVDLSHFLK  Culmann 91 33
HLA-A24
gpl20 53-2 LAI LFCASDAKAY  Lieberman 92, Shankar 95 35,36
gp4l 5912 LAl YLKDQQLL Dai 92 37
HLA-A25
p24 1452 LAl QAlI SPRTLNAW  |. Kurane, K. West PC
p24 203-2 LAl ETI NEEAAEW  P.Klenerman IP
HLA-A31
gp4l 7752 LAl RLRDLLLI VIR  Safrit 94 a, Safrit 94 b 38,39
HLA-A32
RT 559-2 LAl Pl KETVETW  T.Harrer S
gpl20 4192  HXB2 R KQ I NWW  T.Harrer S
HLA-B7 123 C  Engelhard 93 40
APR L
gpl20 3032 LAl RPNNNTRKSI J. Safrit and R.A. Koup PC
gp4l 8482 LAl | PRRI RQGL B. Wilkens U
nef 1282 LAl TPGPGVRYPL Culmann 94 41, PC
HLA-B8 3 5 C Hill 92, Sutton 93 42,43
KK I
pl7 242 LAI GGEKKKYKL Rowland-Jones 93, S. Reid 44, U
p24 2592 LAl GEl YKRW | Sutton 93 43
p24 3292 LAl DCKTI LKAL  Sutton 93 43
RT 1852 LAl GPKVKQAPL  Walker 89, Sutton 93 26,43
gp4l 5912 LAl YLKDQQLL  Johnson 92, Shankar 95 45,36
nef 90-2 LAI FLKEKGGL Culmann 94, P. Gould 41, PC
V-3
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Tablel (cont.) Best Defined HIV CTL Epitopes

HLA Protein AA Isolate Sequence Reference Ref No*
HLA-B14 23 56 C DiBrino%4 46
RL R L
KY HL
F
p24 183-2 LAl DLNTMLNTV  Nixon 88, Johnson 92 47,45
p24 2982 LAl DRFYKTLRA  T.Harrer S
gp4l 5892 LAl ERYLKDQQL  Johnson 92 45
HLA-B18
nef 1352 LAl YPLTFGACY  Culmann 91, Culmann 94 33,41
HLA-B27 2 C  Jardetzky 91 48
R K
R
p24 2632 LAl KRW I LGLNK  Nixon 88 b, Buseyne93 49, 50
gp4l 5902 LAl RYLKDQQL  Shankar 95 36
gp4l 7912 LAl GRRGNEALKY  Liebermann 92 35
nef 732 LAI QVPLRPMTYK  B. Culmann PC
nef 1342 LAl RYPLTFGW  B. Culmann PC
HLA-B35 2 C Hill92 42
P Y
S
pl7 1242 LAl NSSKVSQNY  Rowland-Jones 95 51
p24 2542 LAl PPI PVGDI Y  Rowland-Jones 95 51
RT 3422 LAl HPDI VI YQ¥  Rowland-Jones 95 51
gpl120 422 LAI VPWKEATTTL  B. Wilkens U
gp4l 6112 LAl TAVPVWNASW  Johnson 94 b 30
nef 74-2 LAI VPLRPMTY  Culmann 91, Culmann 94 33,41
HIV-2gag 2452 HIV-2 NPVPVGNI Y  Rowland-Jones 95 51
HLA-B37
nef 1202 LAl YFPDWONYT  Culmann 91 33,PC
HLA-B39
p24 193-2 LAl GHQAAMML |, Kurane, K. West PC
HLA-B53 2 C 42
P Y  Hill 92
F
W
HIV-2gag 173-2 HIV-2 TPYDINQML  Gotch 93 52
HLA-B55
gp120 422 LAI VPWKEATTT  Shankar 95 36
HLA-B57
p24 2402 LAl TSTLQEQ GW  P.Goulder U
nef 116-2 LAl HTQGYFPDWQ  Culmann 91 33,PC
nef 1202 LAl YFPDWONYT  Culmann 91 33,PC
V-4
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Tablel (cont.) Best Defined HIV CTL Epitopes

HLA Protein AA Isolate Sequence Reference Ref No*
HLA-Bw62
pl7 20-2 LAI RLRPGGKKKY Johnson 91 23
p24 268-2 LAI LGLNKI VRWY Johnson 91 23
RT 4762 LAI | LKEPVHGVY Johnson 91 23
nef 84-2 LAI AVDLSHFL Culmann 94 41
nef 1172 LAI TQGYFPDVWONY B. Culmann PC
HLA-Cw4 2 C Fak 94 53
Y F
P L
F M
gp120 380-2 LAI SFNCGGEFF Johnson 93 54

*1n Ref No column the following abbreviations apply:
U = unpublished
PC = personal communication
IP=inpressin AIDS
S = submitted

IV.Emerging characteristics of HIV-1CTL epitopes

Although thelist of HIV derived CTL epitopesisfar from being complete, afew features already
emerge. There are far fewer epitopes identified in the natural immune response to HIV than the
prediction based on binding motifs would suggest, which may be due to a variety of factors. Oneis
that the number of predicted binding candidates depends strongly on the accuracy of the binding motif.
Thus, awell defined binding motif reduces the number of peptides that seem to have binding capacity
andwhichthereforehaveto betested forbinding; and italsoal soenhances the chancesofthe remaining
peptides to actually bind to the class | molecule. It isalso likely that not every binding peptide will be
generated in the infected cell, or that there are other constraints on processing or binding to the newly
synthesized class | molecule in the endoplasmatic reticulum such that the peptides are nor presented at
the cell surface (i.e. flanking sequences, ref. 10). Furthermore, sequences of peptides very similar to
self sequences may not be targeted by precursor cells within the self-tolerant CTL population, which
may additionally reduce the number of possible CTL epitopes.

The expanding list of CTL epitopes aso provides a perspective on regions which appear to be
highlyimmunogenicforCTLresponses. OneexampleisalOa.a. sequenceingp41(589-598),inwhich
three different class | molecules (HLA A24, B8 and B14) present peptides containing CTL epitopes
[11,12]. Another region of such overlapping CTL epitopes is the RT region 476-485, containing
epitopes restricted by HLA-A2 and -Bw62, and the region 73-82 in the Nef protein, which contains
epitopes restricted by HLA-A3, A11 and B35 [13]. Recently, severa epitopes were defined within a
short region at the C-termina end of the nef-protein (183-196, HLA-A2, A52, B35; [14]). Itis not
known how this accumulation of CTL epitopes within certain regions occurs. In non-immunogenic
regions, it is possible that some parts of the proteins are not accessible for the processing machinery
(proteasomes) of the infected cell, and thus no CTL epitopes are generated from those areas, perhaps
due to sequence peculiarity or to interactions of the viral proteinswith host structures or viral products.
In contrast, highly immunogenic areas may have advantageous flanking regions that allow efficient
processing of these regions [10].

Sequencevari ationhasbeenobservedinal lthepeptidesinthetable.  Althoughtherearedifferences
inthe degreeofconservation, no epitopeis derivedfrom anabsolutely conserved region, althoughsome
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epitopes arelocalized in highly functional regions. For example, the gp120 peptide 424-432 (restricted
by HLA-A32) contains sequences involved in CD4 binding and the peptide Gag p17/18-26 (HLA-3.1
restricted)is located within aregion required for nuclear localization, which isimportant in infection of
non-dividing cells[15]. Peptide RT 346-354 (HLA-AZ2 restricted) contains part of the active catalytic
site of the HIV polymerase [16]. All these three peptides show only moderate intrinsic variability and
may thus represent relatively conserved epitopes.

V.Conclusions

The investigation of the CTL response to HIV-1 has led to the most extensive characterization
of the spectrum of class | restricted CTL epitopes of any viral infection studied this far. However,
numerous questions remain that are of particularly acute interest. The reasons for the observed decline
in CTL activity with disease progression remains undefined, and issues regarding immune escape
and clonal exhaustion need further investigation [1,17]. The relationship between CTL pressure and
in vivo sequence variation needs to be defined, as does the potential for altered peptide ligands to
influence disease progression [18-20]. The relative contributions of specificity and breadth of the
response to in vivo efficacy remain controversial, with some studies suggesting that a broadly directed
response is favorable whereas others suggest that a narrowly directed response to a dominant epitope
isadvantageous[21,22]. Especially with regard to the development of a CTL vaccine, this controversy
and the demonstration of the protective role of CTL in HIV infection haveto be resolved. To address
these issues it is essential to characterize the CTL response in its epitope-diversity aswell asinits T
cell receptor usage, and to compare these findings with variations in the viral genome. To this end,
al available information about CTL epitopes, their variability and the responding T cell populations
has to be verified and collected to offer areliable basis to understand the cellular immunologic events
occurringafter HIVinfection. Wethusplanto updatethislist periodically and would appreciate further
information from any investigator who can contribute new data to keep thislist current.
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